Clostridium difficile infection (CDI) is a significant source of healthcare-associated morbidity and mortality. This study investigated whether serum 25-hydroxyvitamin D is associated with adverse outcomes from CDI. Patients with CDI were prospectively enrolled. Charts were reviewed and serum 25-hydroxyvitamin D was measured. The primary outcome was a composite definition of severe disease: fever (temperature >38°C), acute organ dysfunction, or serum white blood cell count >15,000 cells/µL within 24-48 hours of diagnosis; lack of response to therapy by day 5; and intensive care unit admission; colectomy; or death within 30 days. Sixty-seven patients were included in the final analysis. Mean (±SD) serum 25-hydroxyvitamin D was 26.1 (±18.54) ng/mL. Severe disease, which occurred in 26 (39%) participants, was not associated with serum 25-hydroxyvitamin D [odds ratio (OR) 1.00; 95% confidence interval (CI) 0.96-1.04]. In the adjusted model for severe disease only serum albumin (OR 0.12; 95%CI 0.02-0.64) and diagnosis by detection of stool toxin (OR 5.87; 95%CI 1.09-31.7) remained independent predictors. We conclude that serum 25-hydroxyvitamin D is not associated with the development of severe disease in patients with CDI.
Introduction
Clostridium difficile infection (CDI) is a reemerging infectious disease with recent, significant increases in incidence and mortality. 1 In some communities, C. difficile has replaced methicillin-resistant Staphylococcus aureus (MRSA) as the most common healthcare-associated infection. 2 Although studies have differentially focused on specific populations and outbreak settings, all-cause mortality has been estimated between 15-20% and disease recurrence between 20-60%. 1 Taken together, excess healthcare costs in the United States attributed to CDI in acute-care facilities has been estimated at $4.8 billion in 2008. 3 Current treatment recommendations include metronidazole for mild to moderate CDI and vancomycin for severe CDI. 1 The increased burden of disease and risk of relapse has led to an interest in novel therapeutic approaches, such as rifaximin, fidaxomicin, cholestyramine, intravenous immunoglobulin, monoclonal antibodies and fecal transplantation. 4 The full spectrum of CDI pathogenesis, interaction with the host immune response, risk factors for severe disease, and response to novel treatments remains to be elucidated. Vitamin D is a potent immunomodulatory secosteroid hormone. Vitamin D induction of the antimicrobial peptide cathelicidin and up-regulation of autophagy are proposed mechanisms for pathogen clearance. 5, 6 In community-acquired pneumonia, vitamin D deficiency was also found to be an independent predictor of 30-day mortality and Intensive Care Unit (ICU) admission. 7 Vitamin D deficiency in CDI has been previously associated with increased healthcare costs, 8 the development of hospital-acquired CDI, 9 severe CDI (defined by computed tomography scan findings of colitis) 10 and a combined outcome variable of death and lack of diarrhea resolution. 11 However, the role of vitamin D in CDI and common variables of clinical disease severity has not been evaluated. This study tests the hypothesis that serum 25-hydroxyvitamin D at the time of CDI diagnosis is associated with severe clinical disease.
Materials and Methods

Ethics statement
This study was approved by the University of Michigan Institutional Review Board. Written informed consent for participation in this study was obtained from all patients.
Population and setting
The University of Michigan Health System includes a 930-bed tertiary care inpatient facility. The institution utilizes an electronic medical record system providing access to patient records. As previously described, 12 non-pregnant inpatients ≥18 years of age with diarrhea and positive testing for C. difficile in stool (described below) were enrolled within 72 hours of diagnosis (median 24 hours), from October 25, 2010 to March 29, 2011 and October 31, 2011 to April 4, 2012. Patients taking the hormonally active metabolite 1,25-dihydroxycholecalciferol (calcitriol) were exclude d as this was expected to influence the vitamin D status but is not measured by the 25-hydroxyvitamin D assay. 7 After testing from the clinical laboratory was completed, discarded stool and serum were collected at enrollment and stored at −80 o C prior to sample processing.
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Clostridium difficile and vitamin D testing
Initial stool sample testing was performed at the discretion of the inpatient care teams. Stool samples were transported to the clinical microbiology laboratory at the University of Michigan in Cary-Blair media. The C. DIFF QUIK CHEK COMPLETE® test (Techlab, Inc. Blacksburg, VA, USA) for C. difficile glutamate dehydrogenase (GDH) and toxins A or B by enzyme immunoassay (EIA) was performed. All GDH+/toxin-stool tests were subjected to analysis for the tcdB gene by real-time polymerase chain reaction (PCR) (BD GeneOhm™ Cdiff Assay, Franklin Lakes, NJ, USA). A positive result included samples that were GDH+/toxin+ by EIA or were tcdB gene+ by PCR. Attempts to confirm positive C. difficile tests were made by anaerobic culture on taurocholate-cycloserinecefoxitin-fructose agar at 37°C and PCR, and strains were ribotyped using high-throughput, fluorescent PCR-ribotyping as described elsewhere. 13 14 (community-associated CA) CDI [symptoms began in the community or within 48 hours of admission to the hospital provided that the onset of symptoms was greater than 12 weeks from a previous healthcare exposure] and healthcare facility-onset, healthcare facility-associated (HO-HA) CDI (symptoms beginning more than 48 hours after admission to the hospital). Structured query was used to collect the variables associated with demographics, vitals, laboratory values, medications, and co-morbid conditions. A Charlson-Deyo score was calculated using ICD-9 codes as described by Deyo et al.; 15 weights from the original Charlson comorbidity index were assigned to the individual variables in the Deyo modification to create a modified Charlson-Deyo comorbidity index. 16 
Outcome variables
Severe disease was defined as white blood cell count (WBC) >15,000 cells/µL; fever (temperature >38°C), the presence of acute organ dysfunction (AOD) (acute kidney injury per RIFLE criteria, 17 acute respiratory distress syndrome (if listed in the chart or meeting criteria of a PaO2/FiO2 <200 and diffuse pulmonary infiltrates with acute onset); new/worse heart failure (if listed in the chart); liver failure (new/worse coagulopathy or hepatic encephalopathy); and/or shock (systolic blood pressure <90 mmHg or need for pressors/inotropes); lack of response to initial therapy (defined as a need to change initial therapy or a lack of clinical response within 5 days of treatment initiation based on retrospective review); or 30-day ICU admission, colectomy, or death from the time of diagnosis and attributed to CDI as determined by two reviewers independently, with conflicts adjudicated by a third reviewer. Supplementary analysis included comparisons of mean serum 25-hydroxyvitamin D levels with age, gender, season, exogenous vitamin D supplementation and ECF residence.
Statistical analysis
Statistical analysis was conducted using the programs R 2.15.3 (http://www.r-project.org) and Graphpad Prism 6.02 (Graphpad Software, Inc., La Jolla, CA, USA). A two-tailed P value of 0.05 was considered significant. We used simple logistic regression to assess if variables, 
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Results
Characteristics of the study population
There were 69 patients initially enrolled, however two patients were excluded for use of 1,25-dihydroxycholecalciferol (calcitriol) on admission leaving 67 patients included in the final analysis. Median age was 59 (range 20-88) years. Demographic and clinical data are shown in Table 1 . Mean (±SD) serum 25-hydroxyvitamin D was 26.1 (±18.54) ng/mL. Thirty-two (48%) of the participants were male and 21 (31%) were receiving vitamin D supplementation at the time of hospital admission. Twenty-one (31%) were hospitalized within the previous 28 days and the comorbid conditions of renal disease and malignancy were present in 9 (13%) and 21 (31%) study participants, respectively. Average length of hospital stay was 11 (±9) days. Thirty-three (49%) CDI episodes were HO-HA and vancomycin was the initial treatment choice in 24 (36%) participants.
Severe disease
Twelve (18%) cases of CDI did not respond to initial therapies and 11 (16%) patients had a WBC >15,000 cells/mm 3 within 24 hours of CDI. Death, colectomy and ICU admission attributable to CDI within 30 days of diagnosis occurred in 1 (1%), 1 (1%), and 5 (7%) patients, respectively. The primary composite outcome of severe disease occurred in 26 
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Secondary outcomes
Discussion
This study examined the relationship between serum 25-hydroxyvitamin D and clinical outcomes in CDI. This study did not observe a relationship between serum 25-hydroxyvitamin D at the time of C. difficile diagnosis and a composite clinical outcome including death, colectomy or ICU admission as clinical endpoints. Lending support to the generalizability of our conclusion regarding vitamin D, our cohort retained a number of previously described risk factors for severe disease in unadjusted analysis: age, serum albumin, ECF residence, diagnosis by detection of stool toxin, and infection with the C. difficile strain ribotype 027. [18] [19] [20] In adjusting for the above factors in a multivariate model that included serum 25-hydroxyvitamin D and gender, only serum albumin and diagnosis by detection of stool toxin by EIA retained statistical significance as independent predictors of severe disease. As serum albumin has consistently been described in studies assessing the development of CDI, adverse clinical outcomes, and recurrent disease, validating this finding lends credence to our analysis. 18, 21 That detection of stool toxin by EIA was also predictive of severe disease in a multivariable analysis informs the current debate regarding the optimal laboratory method for diagnosis of CDI. 22 Diagnosis by PCR cannot detect the presence of expressed C. difficile toxin and therefore cannot differentiate active disease from asymptomatic carriage in hospitalized patients, advocating for the use of multi-step algorithms. 23 Although previous studies have drawn similar conclusions and correlated diagnosis with PCR to decreased CDI complications, not all studies have correlated toxin EIA status with clinical outcome. 24, 25 Vitamin D deficiency has been previously investigated in a study including 23 patients with CDI and 29 patients with methicillin-sensitive Staphylococcus aureus infections. Vitamin D deficiency (<20 ng/mL) was associated with increased inpatient and outpatient healthcare costs, hospitalizations and length of stay. 8 The study is limited by a lack of analysis for a direct association between vitamin D status and CDI clinical outcome, as well as a lack of control for confounding variables between vitamin D deficient and replete individuals, which would associate with the measured outcome of healthcare costs.
Several studies have previously examined the relationship between severe CDI and serum vitamin D level. With respect to acquisition of HO-HA CDI, Quraishi et al. retrospectively reviewed 568 patients who underwent C. difficile stool sample testing greater than 48 hours after admission in whom serum 25-hydroxyvitamin D was assessed between 7 and 365 days prior to the hospitalization. Comparing those with preadmission 25-hydroxyvitamin D levels <10ng/mL to those with levels ≥30 ng/mL, there was an increased risk of HO-HA CDI (OR 2.90; 95%CI 1.01-8.34, P=0.048). 9 In another single center prospective study involving 100 hospitalized patients with CDI, severity was defined by the presence of abnormal computed tomography scan findings. Measured 25-hydroxyvitamin D3 was associated with severe CDI in a multivariable model that included age, Charlson-Deyo comorbidity index, vitamin D supplementation and recent hospitalization (OR 0.92; 95%CI 0.87-0.98, P=0.008).
10 Finally, in a study of 62 hospitalized patients with a combined outcome of 30-day mortality or lack of resolution of diarrhea, patients with a low 25-hydroxyvitamin D (<21 ng/mL) demonstrated an increased association with severe disease (OR 4.75; 95%CI 1.18-19.1, P=0.028). The primary limitation to this endpoint and extrapolation to other studies involving CDI includes the unexpectedly high 30-day mortality rate of 45.3% that was observed. 11 Our study's hypothesis has biologic plausibility given the immunomodulatory role of vitamin D and that vitamin D status has been associated with a number of bacterial infections including outcomes in communityacquired pneumonia, 7 bacterial vaginosis, 26 and bacterial colonization in bronchiectasis. 27 Activation of vitamin D first occurs in the liver to 25-hydroxyvitamin D, which is then converted to its biologically active form 1,25-hydroxyvitamin D by 1α-hydroxylase. 5 Expression of 1 -hydroxylase from its gene CYP27B1 is found in the kidney and in macrophages, where upregulation of expression can be induced by Toll-like receptor (TLR) activation. 5, 28 Final regulation of vitamin D induced transcriptional products is mediated through the binding of 1,25-hydroxyvitamin with a nuclear vitamin D receptor (VDR).
Although vitamin D has important implications on the immune response, colonic integrity, and outcomes in bacterial infections, we do not find an association between serum 25-hydroxyvitamin D and clinical outcomes in hospitalized adults with CDI. To appropriately interpret these findings, several limitations need to be acknowledged. Serum samples were only available from 67 patients, thus it is possible that insufficient power was present and a type II error occurred. However, when performing a post-hoc power analysis our study had greater than 90% power to detect a 50% difference in the primary composite outcome [using the POWER procedure in SAS 9.3 (SAS Institute Inc., Cary, NC, USA)]. When limiting the primary outcome to severe disease (death, colectomy or ICU admission within 30 days), which occurred in six individuals, our study had greater than 90% power to detect a 75% difference in outcome. Secondly, we chose to measure 25-hydroxyvitamin D in this study given its routine clinical uses and approximate 3 week half-life. 29, 30 Unfortunately 25-hydroxyvitamin D is a challenging analyte to accurately measure due to its lipophilic nature leading to strong affinity with vitamin D binding protein and serum albumin. 31 We performed 25-hydroxyvitamin D measurement using a commercially available immunoassay with the ability to detect both 25-hydroxyvitamin D2 and 25-hydroxyvitamin D3, however external quality assessment was not performed. In comparison with previous studies, deficiency in 25-hydroxyvitamin D defined as ≤20 ng/mL was highly prevalent in this hospitalized population, 53/67 individuals (79%), consistent with studies in severe COPD and acute myocardial infarction, 32, 33 providing support for the assay results obtained.
Conclusions
In summary, data from the present study demonstrate a lack of association between serum 25-hydroxyvitamin D and adverse clinical outcomes in CDI. In an adjusted model for the prediction of severe disease, only serum albumin and diagnosis by detection of stool toxin by EIA remained statistically significant. Given the biologic plausibility for the role of vitamin D in C. difficile colitis, larger clinical studies assessing the role of vitamin D in the development, outcome, and recurrence of C. difficile are warranted.
